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This is the-ifth < semi-annual report from the  Interdisciplinary 
Materials Research Rogram a t  Rensselaer Polytechnic Ins t i tu te .  
t h i s  report period one research project, lgDiffraction Studlee'*, uaa 
brought t o  a conclusion and one new program, 11X-Re9 Scattering" was 
s t a r t  ad. 

During 

Construction of a new laboratory building t o  house the Interdfscih 
pliaary Meterials Research Program w i l l  be s ta r ted  in the ear ly  f a l l .  
This building, which is being financed by a 1.5 million dol lar  grant 
from NASA, w i l l  provide adequate, optimel research space fo r  the pro- 
gram which bas f a r  outgrown its present quarters in North Rall, and fs 
now spread t o  other buildings through-out campus. 
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R. Babi l l is ,  B.S. National &feme 
Education A c t  Fellow 
W. Brayer, B.S., National Defense 
Education A c t  Fellow 
L. Cessna, B.Ch. E., National Defense 
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A. Thermal Roper t ies  

A series of measurements of therm1 conductivity of polyethylene- 
wax blends have been completed. 
l inear  polyethylenes. 
dependency of thermal conductivity of l inear  polymers on molecular weight. 

Fu r the r  tes t ing of the  tbeory will be -de by measuring thermal 
conductivities of a specially prepared series of polystyrenes of different  
molecular weights. 
thermel conductivity measurements on elastomers i n  teneioa. 

These data complement earlier t e a t s  on 
The resu l t s  support a theoret ical  analysis of the  

A special  apparatus i 8  being built  which w i l l  permit 

B. b r p h o l o m  

Thin sections of annealed Nylon 66 stained with Phosphotungstic 
Acid and Chloroauric Acid have been studied. 
is  being focused on the internal  structure of spherulites. 
of observations w i l l  be made on drawn and undrawn f ibers  of Nylon 66, 
and the neck region i n  pa r t i a l ly  drawn fibers.  

Particular a t ten t ion  
The next set 

C. High-Pressure Infrared Spectroscow 

The infrared spectra of polyvinyl alcohol and nylon 66 heve been 
studied a t  pressures t o  30,000 atmospheres. 
frequency in PVA s h i f t s  t o  lower frequency with pressure by about 35 cm’l 
per 30,000 atmospheres, 
lyzed. 
polyvinyl acetate are now being studied. 
t o  relate macroscopic deformations t o  molecular abodes of deformation. 

The hydroxyl group stretching 

The spectra of nylon a r e  currently being ana- 
The high pressure spectra of copolymers of polyvinyl alcohol and 

Calculetions are being performed 

D. Mechanical Roper t i e s  

Data have been obtained on the e f f ec t s  of various solvents on the 
A theoret ical  f a i lu re  character is t ics  of several glass-l ike polymers. 

treatment of the fracture  mechanics of viscoelast ic  media is being numer- 
i c a l l y  solved, and fracture  data 011 polystyrene, poly (methyl methacrylate), 
and polycarbonates w i l l  be used t o  test the theory. 
pa r t i a l ly  supported by a grant from t he  Ins t i t u t e  of Paper Chemistry.) 

and e theory of mechanical response for polpmer systems which a r e  energy, 
not entropy, controlled, is being formulated. Solutions fo r  isotropic 
media are now being extended to include anisotropic p O l ~ r 8 .  A general- 
ized treatment of s t r e~s  relaxation has resulted from these studies. 
(This work is being rrupported in part, by a grant from the  National 
Science Foundation.) 

(This work is  

Dynamic mechanical spectra of various polar polymers are being studied, 

E. H e a t  Transfer i n  Fibrous Structures 

A new apparatus is being bu%h for  studying heat t ransfer  i n  fibrous 
structures when pa r t i a l ly  l iquid f i l l ed .  
a study aimed a t  elucidating the mechanisme of simultaneous heat and 
mass t ransfer  i n  these systems. 
the factors  promoting hLgb heat transfer rates with small temperature grad- 
ients .  This work is supported by the National Science Foundation. 

This equipment w i l l  be used i n  

A primery objective w i l l  be t o  delineate 
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the Discrete Second-Phase Particles in 
Dispersion-Strengthened Alloys 

Senior Investigator: 

Research Staff: 

470.09 

G.S. Ansell, Ph,D. Associate 
Professor of Eaetallurgical Engineering 

R.S. Goodrich, Jr., W.S. l4t.E. 
Research Fellov 
C.J. Barton, B.24et.E. 
Graduate Assistant 
E.S. Kim, B.S. 
Graduate Assistant 

This program is a broadly-based study of various aspects of 
dispersion-strengthening, directed toward achieving a basic understanding 
of the role of dispersion-strengthening in the materials field. 

The role of a dispersed phase in affecting the mechanical behawior 
of crystalline solids is being studied by means of Transmission Electron 
Microscopy. 
and creep behavior of dispersion-strengthened alloy systems is currently 
under investigation. 
precipitation and by parder-metallurgical techniques, are formed into 
thin foils and observed by rseaos of the electron microscope during def- 
ormation at both roars and elevated temperatures. 
then correlated with theoretical modela which have been proposed to 
account for the strengthening effect of a second phase in such systems. 

The fundamental nature of yielding, work hardening, recovery, 

Samples of two-phase alloys, produced both by 

These observations are 

Studies to date have led to a general understanding of the overall 
substructural buildup during both rolling and tensile deformation. 
Some observations of discrete dislocation-particle interactions have 
provided verification of several aspects of the theoretical models pre- 
viously proposed to explain the yielding behavior of dispersion-streng- 
thened systems. 

Work on the recowry, recrystallization, and creep bebavior combined 
with further studies of the work hardening characteristics of two-phase 
alloys are currently being explored. 

The following areas are currently under study within the framework 
of this overall program: 

A. Strength of Ferrous Mertensite 

Duriw.the. caurse of this program, a theoretical model has been 
proposed to account for the observed strengthening behavior of ferrous 
martensite. Critical experiments are now being performed, both to act 
as checks on the d e l  and to further our understanding of the structure 
and strength of martensite. 
the variation in effects of a varying quench rate OQ steels, especially 
the variation8 in strength, in response to tempering, and in the amount 

These experiments are concerned primarily with 
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of austenite retained in the  quenched structures. 
great a8 -M,OOO°F/sec. have been achieved. 
ments, X-ray and electron diffraction measurements, magnetic saturation 
c m e  determinations, and transmission electron microscopy have been and 
a r e  being used t o  study the quenched structures. 
a substantiation of the principle features of  the proposed theoretical  
model. 

Quenching ra tes  a s  
Subzero microhardness measure- 

Studies t o  date provide 

B. Fracture Bebavior 

The f racture  bebavfor of dispersion-strengthened el loys is being 
imrertigilted through application of electron microscopy t o  surface replica.. 
This metbod, permitting as it does the exadnat ion of a f racture  surface a t  
very high magnification while retaining a great depth of f i e ld ,  allows 
an aeses6ment of the d e  of propagation of the creck which is both quali- 
t a t i v e  and quantitative. 
generally called “Blectron Fractography” , or c%lectroa Micro-Fractographg” . For the sake of writing brevity, the metbod is 

Both impact and fatigue fractures have been investigated, and it was 

This f racture  behavior m y  play a profound ro le  i n  the future 

found that  a distributed discontinroue second phase frequently serves ad 
a source from which slowly propagating discontinuous cleavage cracks 
originate. 
applications of metal13 having a d u c t i l e  matrix, but which bave been 
dispereion-strengthened. Our s t u d i e s  suggest tha t  the character of the 
par t ic le -~ae t r ix  interface is paramwnt in determining the fracture  d e  
of two-pbase systems. 

C. Transmission Electron Microscopp 

Several additional aspects of dispersion strengthening a r e  being 
studied by means of tranemissian electron microscopy. 
i n t e re s t  is the nature of the grain boundary-dispersed-phase interaction 
in such alloys.  
dispersed phase is being observed in s i tu ,  

Of par t icular  

The recrystal l izat ion behavior of a l loys containing a s tab le  

Study in each of tbese areas continues, and is expected t o  continue 
for  another year. . 

Hucleation in Liquid Metals 470.10 

Senior Investigator: W.J. Childs, Ph.D., Professor 
of Metallurgical Engineering 

Research Staff: J.J. Frawley 
Graduate Assistant 
S.S. Kale 
Graduate Assistant 

The determination of t h e  mechanical energy required for nucleation of 
supercooled metals has been continued i n  an e f fo r t  t o  obtain a more accurate 
value and a bet ter  understanding of the  nucleation phenmenon. A heavy 
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I s i l icone  flux has been used t o  contain the liquid metal i n  a vibrated 
crucible. This procedure effectively prevents splashing of the metal 
surface so t ha t  the energy dis t r ibut ion within the l iquid is more 
uniform. High speed movies have been used t o  demonstrate the ef fec t  of 
sutface disturbances during vibration on increasing nucleation. 
energy values obtained with the  s i l icone f lux w e r e  higher and more 
consistent than with a more f luid,  non-containing flux. 

Average 

Energy requirenrents for  nucleating supercooled t i n  was also invest i -  
It was found t ha t  the nucleation of supercooled t i n  required less gated. 

vibrational energy than bismuth when tes ted using the same flux. 

Nucleation ca ta lys i s  in supercooled bismuth was investigated by 
measuring the  character is t ic  supercooling of a bulk specimen of bisaatth 
in the  presence of a gross ca ta ly t ic  substrate. Copper, chromium, man- 
ganese, i ron and platinum were found t o  catalyze the nucleation of 
bismuth in decending order. 

Ultrasonic Research 470.11 

Senior Investigator: H.B. hn t ing ton ,  P1.D. 
Rofersor  of Physics 

Research Staff:  Z.P. Chang, B.S. 
Research Assistant 
S.G. Gangoli, B.S. 
Research Assistant 

Measurements a r e  i n  progress on the th i rd  order e l a s t i c  constants 
of two alkali-halide materials, NaCl  and El. 
follow the changes i n  the propagation ve loc i t ies  for  longitudinal and both 
transverse waves i n  the fll0 3 and Glr) direct ions while compressionel 
force is applied down the  (111) axis.  
procedure would f a i l  because of plaa t lc  deformation, However, for th i s  
par t icular  or ientat ion of the  stress a x i s  there i e  zero resolved shear 
stress on a l l  the primary sli planes, so tha t  stressed of 10 8 dpes/cm2 
a r e  possible without apprecia g l e  yielding. 
conatants f o r  NaC1 have been obtained and a r e  being refined a d  checked 
f o r  internal  consi8tency. 
has a l s o  been helpful t o  workers a t  Oak Ridge who have been using high 
level ultrasonics t o  generate waves of the second harmonic. 

The procedure is t o  

In general such a brute force 

Values for  t he  6 t h i rd  order 

The enalysis developed t o  handle this problem 

The standard measureamt of the 13 elastic constants of anthracene, 
mentioned in our l a s t  report ,  are being repeated fo r  greater accuracy 
with specimen6 tha t  have been carefully annealed. The aunealing reduces 
attenuation, increases number end qual i ty  of echoes and thereby enbances 
the precision for  velocity determination. 
carr ied out on napthalene (likewise furnished by the  Brush Co.). 
material bas a lower Paelting point and is w e l l  annealed a t  room temperature. 

Similar measurements a r e  being 
This 



I, c - 
8 
1: 
t 
1 
1 

6. 

8 
I 

Ultrasonic Pulse Inter f eroatetq 470.12 

Senior Investigator: S. gatz,  Ph.D. 
Aesociate Professor of Geophyeics 

Research Staff:  Robert S. Gilmre 
Graduate Assistant 
Howard Reed 
Graduate Assistant 
Robert N. Scbock 
Graduate Assistant 
Rudy R. Schwarzer 
Graduate Assistant 
Glean Randers-Pehrson 
Student Assistant 

During the  past SIX months, our research has been directed towards 
obtaining a r e l h b l e  pressure cal ibrat ion i n  our part icular  experimental 
arrangement, using several metals with well-established t rans i t ion  pressures 
and elastic-constant information. 
t h e  data have been programed, greatly reducing the  time required t o  
obtain f i n e l  results. 

The calculation6 required to interpret 

An exploratory investigation of the opt ica l  transmission as a 
function of presrure of various s a l t s  and minerals bas been in i t ia ted ,  
using a ern11 di.lsond-amri1 press. 
AgN03, and CaCO3 (celcl te+aragoni te)  have been observed. 

Polpmorphic t rans i t ions  in AgI, 

Excited Species 470.14 

Senior Investigator: L.G. Bassett, Ph.D. 
Professor of Analytical ChemLstry 

Research Staff: R.R. Reeves, Ph.D. 
Senior Research Associate 
D.R. Safrany, B,S. 
Graduate Assistant 

Work has been in progreslr for studying the reactions of excited t?2 
(A3fd molecules. 
thorough investigation of the  reactions of s'active" nitrogen would be 
necessary a s  8 precursor t o  any study of excited N2 molecules. 
following r e su l t s  and conclusions have been attained: 

In the l a s t  six months if became obvious that a 

The 

(1) we have proposed chain mechanisms f o r  the reactions of 
c 2 Q , c 2 ~  and other hydrocarbons with N-atoms; these chains involve A-atoms 
and CN rad ica ls  s?uch as the following: 
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Cza4 + E -+C2H3 + H2 
C2H3 + N .+ cR2 + HCN 
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(2) the  concentration of N-atoms i n  ac t ive  nitrogen a s  measured by 
NO t i t r a t i o n ,  N + NO-tN2 + 0,  gives values approximately twice t h a t  
obtained from the ePPouDt of ECN formed when an excess of C2H4 2. added 
t o  ac t ive  nftrogen. 
reaction8 of the  CN radical  in which N-stonte lteact t o  give molecular 
nitrogen, 
discrepancy . 

We have proposed tbett t h i s  discrepancy i o  due t o  

Sopre w o r k e r s  propose tbat  excited 12 molecules cause the 

(3) the  concentration of exci ted nitrogen molecules i n  ac t ive  
nitrogen is usually measured by the amount of anmonie decoauposed since 
N-atom do not react  with NEI3. We have shown t ha t  a radical ,  almost 
cer ta in ly  CH, reac ts  with NE3 t o  give ECN and 82 as follows: 

CH + NE33HCN + I32 + E 
"3 is decoraposed only s l igh t ly  by ac t ive  nitrogen from a condensed 

discharge and not a t  a l l  from a microwave discbarge. 
that small amunts of grease can form CH rad ica ls  t ha t  decompose the  "3. 

It aey be, therefarc, 

(4) A l l  attempts t o  observe reactions w i t h  our unique jet of excited 
N , ( h f i )  molecules with many different  reactants bave been negative. 
therefore conclude N (A?C$.) molecules react  very slowly or not a t  e l l  
with the  eubetances fnveetigated. 

We 

In brief summary, we propose tba t  N-at- a r e  the  major reactants in  
ac t ive  nitrogen and tha t  excited N3 molecules play a minor, i f  any, ro l e  
in the chemical reaction8 of active nitrogen. 

Mechanical Properties of Polmers  470.15 

Senior Investigators: W.H. Bauer, Ph.D. Professor of 
Physical Chemietry 
S.E, Wiberley, Ph.D,, Professor O f  
Analytical Chemistry 

Research Staf f : D.P. Str icos ,  M.S., 
Graduate Assistant 
K.J. Eisentraut,  B.S. 
Graduate Assistant 
LE. Vogt, B.A. 
Graduate Assistant 
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The flaw curves of three additional ethylene-maleic anhydride 
copolymers (molecular weights: 25,000, 100,000, 500,OOO) have been 
obtained. 
over a concentration range of 8 to 25 percent by weight copolymer i n  
aqueous medium and over a shear rate range of 0 t o  17,000 see-1. The 
data from these curves are bel- used t o  obtain correlations between 
energies of act ivat ion for  viscous flow, viscosity,  concentration and 
molecular w e i g h t ,  and t o  investigate tbe su i t ab i l i t y  of Buecbs'e shear 
r a t e  omlecular wigbt determination metbod for  calculating molecular 

These flaw c w e s  have been taken a t  100, l S O ,  19O, and 25* 

Weight6 Of these COpOlylperS. 

A t  t h i s  t i m e  the r e su l t s  are not complete, but indicate tha t  the 
energies of act ivat ion decrease with an increase in molecular weight 
while increasing with an increase i n  the  concentration. 

Future work includes finishing compilations of the  H)O,O00 molecular 
weight sansple, and an examhation of the correlations mentioned. 
250,000 molecular weight sample will a lso  be studied. 
these polymers with other solvents m y  a l so  be undertaken, a s  w e l l  a s  
the possible investigation of normal stresses which some of these saaples 
exhibit. 

A 
Xmstigation of 

B. Nature of Water of &Idration in Crystals 

Snfrared absorption spectra of 19 anhydrous and hydrated inorganic 
acetates  have been measured from Goo0 t o  250 cm-& a t  both room temperature 
and a t  liquid nitrogen temperature. 
molecules per molecule of acetate was determined by Roton Nuclear 
Magnetic Resonauce. 
been prepared t o  confirm the absorptions due t o  the  coordinated water 
molecules. 
the structure of the molecules as deterrpined previously by X-ray di f f rac t ion  
methods. It is possible t o  distinguish bands resul t ing fropa different  
types of bound water. 
information concerning the nature of the metal-ligand bond. 
bands appearing i n  the f a t  infrared region a r e  probably caueed by lib- 
ra t ional  water d e s .  
mining spectra and correlatfng these with the previous data. 

The number of coordinated vElter 

I n  a l l  appropriate cases heavy water hydrates heve 

The absorption bands have been assigned and correlated with 

The spectra of these compounds yields valuable 
A warietp of 

Work for the future  includes measuring the re-  

C. 

w i l l  be studied t o  determine whether the SO2 is  coordinated throtlgb 
sulfur or oxygen and whether the S-0 bond lengths d i f f e r  from those in 
SO2 i t s e l f .  

Study of Inornankc Ruthenium Complexes ContainiaP: Neutral Linnands 

The nature of the  bonding of the SO2 t o  ruthenium in these C o p P l ~ 8  
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(NH3)q (S%) cgcl,(Ruz (NH ) (So )LBr B r ,  
and 

of the Qiloro-Chloride is underway, The space 
group is either Paa2, or  Prsam, the l a t t e r  being favored. Currently the 
locations of the principle scattering centers, viz. ,  c l ,  SOz and Ru, a re  
be- detembed by the Patterson method. A check w i l l  be made on the '  * compl.rcecr*ea see i f  tw ire . with the chloro-chloride. 

i n  thez-f'nfrared region. 
in the platinum group tha t  may form SO COQIplexes, using anologeous 

have been prepared. A compl&% three d inensional 

Following the X-ray work, a s  meny bnds as possible w i l l  be aseigned 
It is a l so  planned t o  look for  other metals 

preparative procedures. 2 

High Temerature Alloys 470.18 

Senior Investigator: 

Research Staff: 

W.R. Clough, Sc.D. , Associate 
Professor of Metallurgical Eqineer ing 

S.J. hnachie ,  B.Met.E., 
Graduate Assistant 
J.L. Solomon, B.Met.E., 
Graduate Assistant 
L.A., Jachnnn, B.Met.E., 
union Carbide Metals Company Fellow 
D.B. Lenmton, B.S., M.S., 
Ford Foundation Fellow 
G.X. Goodwin, Undergraduate Assistant 

A. Selected Topics Concerned with High Temperature Deformation and 
Rupture of Metals and Alloys 

Through the courtesy of the General Electr ic  Company Research 
Laboratories, more equipment has been amde available on a loen basis which 
essent ia l ly  doubles the tes t ing  capacity (creep and stress rupture) of 
the High Temperature Laboratory. Other, specialized, equipment now under 
construction w i l l  fur ther  increase capabi l i t ies .  
the  interim period h s  shown a real need for s t ra in  measuring inst ru-  
meatation of gremter s e n s i t i v i t y ;  hence, several un i t s  have been equipped 
with l inear  transducers and recording equipment. 

Work accomplished d u r h g  

Work having t o  do with the  e f fec t  of the  a l lo t ropic  tran&formation of 

Further r e su l t s  must be obtained before a complete interpretat ion 
Some findings verify Russicrn reports,  011 other a l loy systems, 

unalloyed cobalt, and cobalt-base so l id  solution al loys,  hes been con- 
tinued. 
can be made. 
which show tha t  duc t i l i t y  is increased as a pbese boundary is approached. 

Several solid-solution cobalt base a l loys  heve been investigated as 
t o  strength and duc t i l i t y ,  and some have been selected fo r  further 
exploitation by possibly incorporating intermetal l ic  (non carbide) 
precipi ta t ion hardening as a further strengthening mechanism. 
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B. Selected Studies of Transient Creep. 

The r o l e  of recovery, a s  related t o  the  time laws of transient creep, 
have been further investigated with three face centered cubic metals of 
minimum 99.994 weight percent purity. 
parabolic t i m e  laws has been shown t o  be stress and temperature dependent. 
Activation energiee and volumes have been determined, and work i e  being 
continued , 

The occurrence of logarithmic a n d b r  

In men9 regards the transient creep response of several so l id  solution 
a l loys  bas been shown t o  be rather similar t o  t ha t  of apure" metals. 
However, Over cer ta in  stress and temperature ranges metallurgical phenomena 
occur which r e su l t  i n  yield point formation and Luders band motion. 
is being continued. 

Work 

C. Selected Studies of the  High Temperature Oxidation of Metals and Alloys 

Oxidation studies have indicated several sol id  solution cobalt base 
a l loy  systems which a r e  suff ic ient ly  a t t r ac t ive  t o  j u s t i f y  fur ther  ex- 
ploi ta t ion,  for  strengthening, by incorporating precipi ta t ion hardening 
a l loy  additions i n  the compositions (see A,  above). 

Several findings of others having t o  do with the oxidation character- 
ist ics of unalloyed cobalt  have been ver i f ied,  and have been fur ther  
extended. 
conditione of temperature end oxygen pressure, but the diffusing epetcies 
have not been deterarined as yet. 
by proximity to phase boundaries (a l lotropic  transformation) and C u r i e  
points. 

The multi-layer fonmtion of COO has been ver i f ied,  under ce r t a in  

Oxidation charac te r i s t ics  a r e  influenced 

Work with cobalt and cobalt base al loys i s  being continued. 

Low Temperature Physics 470.19 

Senior.. Investigator: R.W. Shew, Ph.D., Assistant Professor 
of Physics 

Research Staff:  R.W. Love, M.S. 
Graduate Assistaw 
C.P. Newcomb, B.C 
Graduate Assistant 
J.F. Schenck, B.S. 
Graduate Assietant 
W.A. Fate, B.S. 
Graduate Assistant 
D.S. Woo, B.S. 
Graduate Assistant 
G. Dionne, B.S. 
Graduate Assistant 

The studies of superconducting lead by means of the  attenuation of 
ultra8onfc waves have yfelded two preliminary resu l t s .  
r e l a t e s  t o  the anisotropy of the  energy gap in t he  allowed electronic 
s t a t e s  which characterizes the  superconducting s ta te .  
energ gap for  the  electrons on a band of the Fermi surface perpendicular t o  
the  / & O ) d i r e c t i o n  opens more rapidly than fo r  electrons on bands 

The f i r s t  of these 

It appears t ha t  t h i s  
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ptrpendicular t o  the 1110)and $111 crys ta l l ine  directions a s  the 
temperature is lowered. below that  of the t rans i t ion  t o  superconductivity. 
Further maasurezaents a r e  now i n  progress t o  determine the  l imiting energy 
gaps a t  very low temperatures for these three bands. 

Secondly, a most unexpected dependence of the attenuation of the 
eupercoaductiag lead upon the  amplitude of tbe applied ultraeonic pul8e 
has been found. 
of whether this ef fec t  is a property of tbe specimen or somehow a resu l t  
of the  instrumentation. 
e f f ec t  but it is too ear ly  to  speculate on its origin. 

Tests now underway should def in i te ly  sett le the  question 

A l l  indications t o  date favor a real specimen 

The studies of ultrasonic attenuation in r - i r r ad ia t ed  alkali  halides 
have concentrated recently upon K C1 c rys ta l s  in order t o  be ab le  t o  
compare the results with previous observations in NaCl. 
a r e  considerable and, i t  is hoped, w i l l  1-sd t o  a be t te r  understanding of 
the  previwsly reported post-irradiation annealing e f fec ts  i n  these crystals.  

The differences 

Ceramics Research 470.20 

Senior Investigators: R.C. DeVries, Ph.D., Associate 
Professor of Ceramics 
G.S. Ansell, Ph.D., Associate Professor 
of Metallurgical Engineering 

Research Staff: W. Lawless, B.Met.E. 
Research Assistant 
R. HaskelL, B.3kt.E. 
Graduate Assistant 
0. Eibbard 
Technica 1 As 8 is t en t  

A. Self-Consistent Fields Across the 180' - Wall in &Ti03 

The computer programs for the  ferroelectr ic  arrays a r e  essent ia l ly  
completed and are being compiled. These programs, which are based on 
the  M a  synmuetry of Ti-0 coupling across the 1800 - vall, w i l l  be run i n  the 
next few weeks. 
a check of the ef fec t  of changes in the  polar izabi l i ty  of the  ions in 
the  perowskite structure. 
determine dispersion relat ions and oxygen polar izabi l i ty  i n  the sol id  
s t a t e  (particularly carbonate structures) has been completed and has 
demonstrated the va l id i ty  of the point dipole concept (used i n  the 
BaTi% case) when strong overlap is present. 
running time vs accuracy i n  the  dipole-arrays programs has been run. 

Among the  f i r s t  computer experiments t o  be t r i e d  w i l l  be 

A related calculation which was run t o  

A smaller program to  determine 
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B. Heat of Reaction for the Decomposition of A12SiOs (Eyanite) to 

1 
8 
1 
1 
8 
I 

~1203 (corundum, plus Si02 (Silica). 

Prom P-T data on the decomposition of A12SiOgto A1203 plus Liquid, 
thermodynamic calculations are being made on the heat of this reaction for 
which there are conflicting data. 
10 kcal./mole. This is in good agreement with crystal chemical treatments 
but not with heat of solution measurements. 
by the fact that the liquid in the experimental study of the decomposition 
at high pressures end temperatures is not pure SiOp. 
high pressure equipment can be made available other constant composition 
planes in the Alfi-Si02 system can be studied in order to better 
understand the relationships among the aluminum silicates at high pressure 
and temperature. 

Results indicate a value less then 

The calculation is complicated 

It i e  hoped that if 

C. Cement Properttee and Crystal Morphology 

Using the litharge-glycerine system as a model cement, a direct 
correlation between the habit of the cement forming crystals and mechanical 
properties hes been demonstrated. 
crystals are associated with higher strength cement. 
essentially completed and will be submitted for publication shortly. 

Radiating bundles of fine acicular 
T h i s  study is 

Charge-Transfer Complexes 470.21 

Senior Investigator: R.L. Strong, Ph.D. 
Professor of Physics1 Chemistry 

Research Staff: F.T. Law, B.S. 
Graduate Assistant 

Work on the spectral and thermodynamic properties of the benzene and 
diethyl ether molecular charge-transfer complexes with 12 in the gas 
phase continues. 
benzene complex is located at or below 2700 A,  which ie at least 
270 8 below that of the comparable liquid-phase species; further investi- 
gation of the 2630-2700 %i region, with the hope of locating the peak 
precisely, is being undertaken. No similar shift of the iodine band in 
the visible region is observed. Preliminary studies indicate that the 
heat of formation of the benzene gas-phase complex is approximately the 
same as that of the liquid-phase complex. 

The ultraviolet sbsorptionaeak associated with the 

The aliphatic amines are known to form relatively strong complexes 
with 12 in the liquid phaee,and therefore a study has been undertaken of the 
properties of thee systems in the gas phase. In all cases investigated 
so far (triethyl, diethyl, and n-butyl amines), an irteversible reaction 
Occurs 1mdi4! to total disappearance af'the 'IL8nd a water soluble product. 
Similar results have also been obtained for the isopropyl ether-12 system. 
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Dispersion-Strengthened Materials 470.23 

Senior Investigator: 

Research Staff: 

F.V. L e n e l ,  Professor of Metallurgical 
Engineering and Acting Chairmen, 
Department of Materials Engineering 

R.A. Bosch, M.Met.E. 
Research Assistant 
R. Oewald, 
Graduete Assistant 
A. Hingorsny, Graduate Assistant 
W, Schwartz, Graduate Assistant 
G. Leverant, Research Fellow 

This project i s  concerned with the elucidation of dispersion 
strengthening and similar strengthening mechanisms in al loys.  The f i r s t  
phase of an investigation ent i t led "Strengthening Behavior of Internal ly  
Oxidized Silver-Magnesium Alloys" has been completed. Dr. Bosch' s 
thesis cwer ing  t h i s  subject has been accepted. 
publish t h i s  work a s  a paper. 

It is  planned to  

The study of internal ly  oxidized silver-amgnesirtm al loy i e  being 
continued. The influence of the r a t e  of internal  oxidation of the  
al lope upon the s t a b i l i t y  of the magnesium oxygen pairs i n  the "quasi1' 
so l id  solution i e  being investigated. An apparatus has been bu i l t  fo r  
internal  f r i c t i o n  studies of the  alloys. 
for amsuring creep properties. 

This apparatus may a l s o  be used 

The study of the  new concept of strengthening is being extended t o  
other a l loy  systerns. 
columbium with 1 weight percent of zirconium a r e  becoming progressively 
stronger with increasing amounts of oxygen up t o  0.5 weight percent (2.5 
atomic percent). 
creasing amounts of oxygen i n  solid solution. 
pure columbium with oxygen, the l a t t i c e  parameter of the  columbium 
increases with increasing oxygen content, while i n  internal ly  oxidized 
columbium - 1% zirconium al loys,  no such increase, but ra ther  8 decrease 
i n  l a t t i c e  parameter is observed. Micrographic studies a r e  being under- 
taken t o  determine in w h a t  form the oxygen i s  present i n  tbese internal ly  
oxidized alloys. 

It was found t ha t  internal ly  oxidized al loys of 

Thie behavior paral le ls  that  of pure columbium with in- 
However, i n  a l loys of 

Senior Investigator: 

Research Staff: 

Corrosion Studies 470.25 

N.D. Greene, Associate 
Professor of Metallurgical Engineering 

L. Kindlimann, B.Met.E., 
Graduate AssisLent 

The purpose of t h i s  program is t o  determine the  electrochemical 
factors  which control metallic corrosion. Funds have been used t o  par t i a l ly  
support studies of the corrosion and electrochemical behavior of the  
r a r e  ear th  metals and metallic passivity. Preliminary corrosion test8 
and the electrochemical measurements of the  rare ear ths  have been com- 
pleted. It has been possible t o  qual i ta t ively cor re la te  the electronic 



st ructure  and chemical behavior of these metals. The measurement o 
active-passive behavior by potentiostatic techniques has been investigated. 
The effects of experimental variables on measmd polarization behavior have 
been dtteradned. 

Future studies in the  above areas include oxidation studies of the 
. rare ~BL:  t h  metals in dry and moist a i r ,  and hydrogen overvoltage 

characteristics of passive surfaces. 

N u c l e a r  Magnetic Reeanance Research 

Sanior Iuvest iga t o r  : 

Research Staff:  

470.26 

P.A. Casabe$la, Ph.D., Aesistant 
Professor of Physics 

J.M. a r s h ,  Jr., H.S. 
Research Assistant 
N.C. Hiller, M.S. 
Graduate Assistant 
T. O j a  
Graduate As s i s t an t  

The nucleer nragnetic resonances of sodium nuclei  in a s ingle  c rys ta l  
of Rochelle salt have been studied a t  28% The resonances from nuclei  
a t  each of the four types of sodium sites in the  l a t t i c e  beve been 
observed and identified.  These studies confirm tha t  a l l  four sites are 
chemically equivalent in the  non-ferroelectric s ta te .  
a r e  now being carried out a t  OOC, a t  which temperature Rochelle s a l t  is 
ferroelectr ic .  
resonances a t  the two temperatures, it should be possible t o  determine 
vhat changes take place in the  chemical bonds a t  the sodium positions. 

Similar experiments 

From studies of the differences between the  nuclear magnetic 

X-Ray Scat ter ina 470.28 

Senlor hvestigator: 

Research Staff: 

J.L. b t c ,  Ph.D. 
Associate Prof eesor of Physics 

F.B. Cerherd, Jr., B.A. 
Graduate Aesistant 
R.R. W i l s o n ,  M.S. 
Graduate Assistant 
Guy Wse, B.S. 
Research Assistant 

The principal research effor t  of the vtDiffraction'v project is directed 
towards an intensive study of the e l a s t i c  properties and interact ion of 
e l a s t i c  and magnetic bebevior i n  cer ta in  metals and a l loys  by X-ray and 
neutron diffract ion techniques. The systems under study, or t o  be 
i tudied include: Fe-Ni, Fe-Pt, Pe-Pd, N i ,  C r  among others. X-ray 
Debye temperatyes are measured both a s  a function of temperature (through 
the  cur ie  or Nee1 point, if such exi r t s )  and of composition (in the case of 
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alloys). 
measurements by calorimetric methods will be used to complement the 
above data. 
studied, under various conditions of temperature and composition, in order 
to obtain detailed information about the elastic proepties. It is an- 
ticipated tbat 8iPlilar studies using neutron diffrection will be underteken 
in cooperation with NASA-Lewis (this idea having been initiated at the 

In addition, Debye temperatures obtained from specific heat 

The diffuse X-ray scattering in these systems will be thoroughly 

recent-raeeting in Cleveland). 
volve me86urements at liquid Eelitno temperetures. 

Both the X-ray and neutron 

The real time-colaputer control instrumentation to be 
iso-diffuse scattering data ie continuing; tbe results of 
been reported in a series of three papers at national and 
meetings. 

Work on the structure and physical properties of the 
metal-tribelides is being continued. 

work will in- 

U s e d  i0 obtaining 
thi8 work b e  
intern t iona 1 

group IIIb 


